Reactions of ( --
Introduction
Transition-metal mediated transformation of unsaturated hydrocarbon resources to afford more valuable organic compounds has been an active research field of organometallic and organosynthetic chemistry [1] , and one representative focus is the study of organometallic vinylidene and further cumulenylidene species for environmentally friendly utilization of terminal alkynes with high chemoselectivity and efficient atom economy [2, 3] .
While water molecule addition to terminal alkynes assisted by protic acids, mercuric salt, NaAuCl 4 , PtCl 4 , and some other metal salts is well-known to follow Markovnikov's rule and to give ketones as final organic products [4] , anti-Markovnikov-type hydration proceeding has been also realized by use of some transition-metal, especially ruthenium complexes during the past few decades, where their vinylidene derivative species "M=C 3, 5] . Ruthenium vinylidene species have been described to show diverse nucleophilic addition reactions normally on the-carbon [3, 5, 6] . Actually, similar attacks on the -carbon have been observed for other oxygen-nucleophiles, such as carboxylates, carbamates, and alcohols [2, 7] and for nitrogen-nucleophiles [2, 8] . Moreover, C-C coupling processes have been also demonstrated through migrations of alkyl, aryl, vinyl, and alkynyl groups onto the -carbon of the vinylidenes [2,3c,9] .
On the other hand, in our recent research of ( {4-Ypz; 4-bromo-1-pyrazolyl (Y= Br) and 1-pyrazolyl (Y= H) groups for (1a) and (1b), respectively} with terminal alkynes, where benzonitrile (PhCN) ligands are significantly dissociative [11, 12] C NMR spectra. Complex 1a was also allowed to react with phenylacetylene, and gave yellow microcrystals (3a) with similar spectroscopic characteristics.
Moreover, good-quality single crystals of 2a·CHCl 3 were separated from CHCl 3 and hexane, and x-ray structural analysis was carried out (Table 1 ). Figure 1 shows the ortep
Ortep drawing of (p-tolylmethyl)(carbonyl)ruthenium 2a with 30% probability thermal ellipsoids and atom labels only for important atoms. Incorporated solvent CHCl 3 molecule is omitted for clarity. ligand [18] in the former. According to our initial view, NEt 3 addition to the reaction system would afford alkynyl derivatives "Ru-CC(aryl)" [10] , under support of literature descriptions [2b,9e,16] on the facile deprotonation of ruthenium vinylidene -hydrogens, but it was disclosed that the (arylmethyl)(carbonyl) complexes were formed as major products, without deprotonation of the -hydrogens.
One might ask a question on the role of NEt 3 in these reaction proceeding. In the absence of NEt 3 , the C 6 D 6 solution of 1a with 10-fold moles of p-tolylacetylene was heated at 70 ºC for 3 h, of which NMR observation indicated that a small amount of 1a and some p-tolylacetylene were remained, whereas the (p-tolylmethyl)(carbonyl)ruthenium 2a implying formation of the p-tolylacetylene polymeric compounds [2f,3c,19,20] . Actually, from the respective C 6 D 6 solutions of 1a and 1b, small quantities of benzene-soluble, but acetone-insoluble organic compounds as slightly orange-tinged powder were separated. It was rightfully determined that in the absence of NEt 3 , (p-tolylmethyl)(carbonyl)rutheniums
were not produced, but significant quantities of the p-tolylacetylene were converted to its poly(p-tolylacetylene), presumably in a mixture of various stereoisomeric configurations.
Thereupon, flask-contained acetone solutions of 1b with 50-fold moles of phenylacetylene were heated under reflux for 40 h in the absence of NEt 3 , and slightly orange-tinged powder was collected.
The powder was really characterized as poly(phenylacetylene) by use of Gel Permeation Chromatography (GPC) method to give 4,900 and 7,900 of a number-average molecular weight (Mn) and a weight-average molecular weight (Mw), respectively, with the polydispersity index (Mw/Mn, PDI) of 1.61. The collected acetone-insoluble poly(phenylacetylene) was in ca. 66 % yield based on the phenylacetylene charged, which corresponds to 33 turn-over-number (TON) relative to 1b.
Similar experiment by using 500-fold moles of phenylacetylene increased moderately the TON to ca. 40.
As a whole, the most reasonable mechanism would be summarized in Scheme 4.
Addition of excess NEt 3 would bring about basicity increase of water molecules to promote their nucleophilic addition onto the -carbon in the vinylidene species, leading to efficient formation of the acyl species "Ru-C(=O)CH 2 (aryl)" and of succeeding 
Concluding remarks
The ( Thus, the reaction system of 1a and 1b is an interesting example of ruthenium complexes with terminal arylalkynes, which demonstrated that reaction selectivities, whether they proceed to the arylalkyne polymerization or to the (arylmethyl)(carbonyl)ruthenium formation was determined by the absence or presence of NEt 3 , respectively. Distinct feature of the present (
Experimental section

Materials and physical measurements
The ( were prepared according to the literature, and all other reagents were commercially available.
While reactions were run under dinitrogen atmosphere, work-up procedures after reaction completion were performed in air, involving column-chromatographic separations, unless noted specially. 
Preparation of K[B(4-Brpz) 4 ]
A mixture of 4-bromopyrazole (4-BrpzH) (5.3 g, 36 mmol) and KBH 4 (325 mg, 6.0 mmol) was heated gradually to ca. 220 ºC, and at this temperature heating was continued for 11 h. After cooling to room temperature, THF-soluble product was collected and the solvent was removed in vacuo. 
Preparations of (polypyrazolylborato)(benzonitrile)rutheniums
Reactions of 1a with arylalkynes in the presence of NEt 3
To a THF solution (10 ml) of the bromo-substituted ruthenium 1a (100 mg, 0.107 
Reaction of 1a with diphenylpropargyl alcohol in the presence of NEt 3
To a THF solution (20 ml 
NMR monitoring for the reactions of (polypyrazolylborato)(benzonitrile)rutheniums with arylalkynes 4.6.1. Reaction of 1a, p-tolylacetylene, and NEt 3
In a 5 mm  NMR tube, p-tolylacetylene (12.8 mg, 0.11 mmol) and NEt 3 (11.1 mg, 0.11 mmol) were added successively to the C 6 D 6 solution (0.7 ml) of the complex 1a (10.0 mg, 10.7 mol), and the mixture was deaerated by several freeze-pump-thaw cycles, followed by sealing of the tube in vacuo. Then, the mixture was heated at 70 ºC for 3 h, and 
Reactions of the ruthenium complexes (1a and 1b) and p-tolylacetylene without NEt 3
Reaction of 1a with p-tolylacetylene in the deaerated NMR tube was conducted, but in the absence of NEt 3 .
1 H NMR spectra observed were found to show two wide-spread hump-like signals overlapped by many spiky resonances in the ranges of  1.9 to 2.4 and  6.5 to 8.1, attributable to p-tolylacetylene polymeric compounds. The spectra confirmed the lack of (p-tolylmethyl)(carbonyl) ruthenium (2a) and also the survival of a small amount of 1a.
Moreover, from the NMR C 6 D 6 solution, benzene-soluble, but acetone-insoluble slightly orange-tinged powder (ca. 3 mg) was collected by reprecipitation of the reaction mixture from toluene and methanol, and was associated with poly(p-tolylacetylene).
Elemental analyses; Calcd for (C 9 H 8 ) n , C 93.06, H 6.94 %. Found; C 92.78, H 7.10 %.
Analogous results were obtained also for the reaction of 1b and p-tolylacetylene without NEt 3 in the NMR tube.
Reactions of 1b and phenylacetylene in refluxing acetone without NEt 3
Mixture of the complex [RuCl{B(pz) 4 }(PhCN) 2 ] 1b (25.2 mg, 0.041 mmol) and phenylacetylene (204.3 mg, 2.0 mmol) in acetone (10 ml) was heated under reflux for 40 h.
Acetone-insoluble material was collected and reprecipitation from its toluene solution by methanol addition gave slightly orange-tinged powder of poly(phenylacetylene) (135 mg) in 66 % yield based on the phenylacetylene charged.
Elemental analyses; Calcd for (C 8 H 6 ) n ; C 94.08, H 5.92 %. Found; C 94.34, H 6.19 %. Polymer characterization with Gel Permeation Chromatography (GPC) method was conducted with the following conditions; in THF by use of Shimadzu HPLC LC-6A and UV/VIS Detector SPD-6A, and of several polystyrene standards. The number-average molecular weight (Mn), the weight-average molecular weight (Mw), and polydispersity index (Mw/Mn, PDI) were evaluated to be 4,900, 7,900, and 1.61, respectively. Similar reactions in refluxing C 6 H 6 for 10 h afforded poly(phenylacetylene) in 58 % yield, with Mn 3,400, Mw 5,700, and PDI 1.68.
Crystallography
Single-crystal x-ray structural analysis of 2a was carried out for its CHCl 3 -solvated crystals obtained by serene built-up of two solvent layers, i.e. hexane and 2a-containing CHCl 3 layers in test tubes.
Crystallographic and structural refinement data are summarized in Table 1 . Diffraction intensity data were collected at room temperature on a Rigaku/MSC Mercury CCD diffractometer, by using graphite-monochromated Mo K radiation. The intensity images were obtained at the exposure rate of 53.3 sec/deg. The frame data were integrated using the Rigaku CrystalClear program package, and were corrected for Lorentz and polarization effects.
All calculations were conducted with CrystalStructure software package. The crystal structure was solved by direct methods (SIR-97), and refined on F [ Proper experimental optimization in the preparative and separative procedures for 4a has not been completed, and its noted yield value is tentative.
[Footnote-6] These three 13 C resonances of quaternary carbons at  150. 4, 147.1, and 145.8 were most plausibly assigned, but possibility of mutual interchange among them can not be ruled out. (9) b (Å) 17.9214 (7) c ( Graphical Abstract (Table of Contents) -
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